). In overall, the deletion efficiency was more evident using the combinations of 1 4 5 gRNA+676, although gRNA+554 and +518 were also efficient for making deletions. Results 1 4 6 of the DNA sequencing confirmed the fragment deletion in co-transfected groups ( Figure S8 ). Nowadays, implementation of the nascent CRISPR/Cas9 technology is a straightforward 1 5 0 approach to make genetic engineering in any organism. Electroporation of large plasmids (> 6 1 5 1 1 7 1 well-documented that iPS cells are resistant and vulnerable to electroporation (14). The 1 7 2 current study showed that comparing to the Bio-Rad electroporation buffer, the OptiMEM- GlutaMAX was compatible with iPS cells in terms of transfection rate and cell viability. However, unlike reported by Potter et al. (15) , conducting the electroporation in ice-cold 1 7 5 medium did not improve the transfection efficiency in the current study, although the 1 7 6 transfection efficiency of ice-cold medium was almost independent of pulsing condition. Then, we were interested to know if the transient expression is sufficient for genome 1 7 8 engineering using the CRISPR/Cas9 technology. Following optimization of the 1 7 9 electrotransfection protocol for reporter-encoding transgenes, we implemented the same 1 8 0 protocol for transfer of plasmids encoding Cas9 and gRNA aiming to knockout the Venus 1 8 1 transgene in MEF cells carrying a single-copy of Venus. The highest rate of Venus knockout 1 8 2 through indels formation (> 95 % using gRNA+100) was as high as the electrotransfection 1 8 3 efficiency of reporter-encoding plasmids. The indels rate using plasmids in the current study 1 8 4 was higher than reported results by using both plasmid and RNP electrotransfection(16-18). Following making Venus knockouts using indels, we were interested to test the efficiency of sequencing. The deletion efficiency obtained in the current study is higher than previous 1 9 0 results using dual gRNAs and Cas9 protein (19) as well as Cas9-encoding plasmids using the 1 9 1 BTX electroporation buffer in mouse cell lines (20). In this study, we introduced a highly efficient electrotransfection method for both MEF and 1 9 4 iPS cells based on the square-wave pulsing method using OptiMEM-GlutaMAX medium. deletions in the Venus transgene were achieved using the co-electroporation of two gRNA-1 9 9 encoding plasmids. Therefore, the developed protocol in the current study can be an alternate 2 0 0 to using Cas9 protein and RNPs. All plastic consumables including cell culture flasks and plates, tubes, and filter tips have with the following information: Dulbecco's phosphate buffered saline without calcium 2 0 7 chloride and magnesium chloride (#D6662-10X1L, SIGMA-ALDRICH, Germany); Opti- The Sleeping Beauty transposase was encoded in pCMV-T7_SB100X (4756 bp) which promoter and pT2-mCherry (7756 bp) encoding mCherry, were used (21). In addition, a 13.5 2 2 8 kb plasmid, pSGD-Lys-72, was also used as a large plasmid which encodes human lysozyme 2 2 9 under CAGGS promoter followed by Cas9 protein which was separated from puromycin For the CRISPR/Cas9 study, we modified pX459 plasmid (9151 bp) which encodes a Cas9 gRNA scaffold under the U6 promoter. All gRNAs were synthetized and cloned into the and reverse oligos were annealed in 10 µl reaction volume by incubation in a water bath 2 4 4 containing pre-boiled water and letting it to cool down to the room temperature. The pX459 2 4 5 plasmid was digested with High Fidelity BbsI-HF (NEB #R3539) at 37°C for 10 min MACHEREY/NAGEL). The purified fragment was kept at -20°C for further applications. Ligation of the annealed oligo-duplex with the digested pX459 was carried out as follow: 1.5 ml tube containing 1 ml of cell lysis buffer (0.2 mg/ml proteinase K, 150 mM NaCl, 10 3 1 5 mM Tris, 10 mM EDTA, and 0.1% sodium dodecyl sulfate (SDS)) (25), and were incubated 3 1 6 overnight at 55 °C in a shaker-incubator. Then, 500 µl saturated NaCl was added into each 3 1 7 tube, converted for 5-10 times, and centrifuged with the high speed at room temperature. For the fluorescent imaging, cells in each well of 6-wll plate were washed once with PBS, the Hoechst 33342 (2: 10,000 ratio from 1 mg/ml stock solution), and incubated at 37°C for 30 3 2 6 min. Transfection efficiency for mCherry and Venus reporters were assessed either by FACS Knockout efficiency of various gRNA sequences targeting the Venus reporter was assessed 3 3 0 10 days after the electroporation. A flow cytometer, MACSQuant® Analyzer, was also used 3 3 1 to assess cell transfection rate. We used Blue 488 nm in B1 channel with 525/550 nm filter Means comparison was carried out using the least significant difference (LSD) test (p-values 3 3 6 0.05). All experiments were carried out at least three times. The German animal welfare law does not require an approval for humanely sacrifice of The datasets used and/or analysed during the current study are available from the Authors have no conflict of interest to declare. Alexander von Humboldt Foundation, Germany. Conceived the idea and designed the experiment: SE and WK; Carried out the experiments: Authors would like to thank Antje Frenzel for conducting the FACS analysis. o  u  b  e  r  t  V  ,  A  n  d  r  é  F  M  ,  S  c  h  m  e  e  r  M  ,  S  c  h  l  e  e  f  M  ,  M  i  r  L  M  .  I  n  c  r  e  a  s  e  d  e  f  f  i  c  i  e  n  c  y  o  f  m  i  n  i  c  i  r  c  l  e  s  3  8  8  v  e  r  s  u  s  p  l  a  s  m  i  d  s  u  n  d  e  r  g  e  n  e  e  l  e  c  t  r  o  t  r  a  n  s  f  e  r  s  u  b  o  p  t  i  m  a  l  c  o  n  d  i  t  i  o  n  s  :  a  n  i  n  f  l  u  e  n  c  e  o  f  t  h  e  e  x  t  r  a  c  e  l  l  u  l  a  r  3  8  9  m  a  t  r  i  x  .  M  i  n  i  c  i  r  c  l  e  a  n  d  M  i  n  i  p  l  a  s  m  i  d  D  N  A  V  e  c  t  o  r  s  :  T  h  e  F  u  t  u  r  e  o  f  N  o  n  v  i  r  a  l  a  n  d  V  i  r  a  l  G  e  n  e  T  r  a  n  s  f  e  r  .  3  9  0  2  0  1  3  :  2  1  5  -2  5  .  3  9  1  1  4  .  Q  i  a  n  K  ,  H  u  a  n  g  C  L  ,  C  h  e  n  H  ,  B  l  a  c  k  b  o  u  r  n  I  V  L  W  ,  C  h  e  n  Y  ,  C  a  o  J  ,  e  t  a  l  .  A  s  i  m  p  l  e  a  n  d  e  f  f  i  c  i  e  n  t  3 
